C alcaneal fractures are relatively rare in children compared with adults and represent only 0.005% of all pediatric fractures. 1 Previous studies have shown satisfactory clinical results with conservative treatment of nondisplaced and minimally displaced calcaneal fractures in children. [2] [3] [4] [5] However, with the increasing incidence of high-energy trauma-related injuries, more displaced intra-articular calcaneal fractures have been observed in pediatric patients. Traditional conservative treatment shows unsatisfactory results with significantly displaced intra-articular calcaneal fractures. 6, 7 Therefore, operative treatment is recommended. [8] [9] [10] [11] [12] To date, open reduction and internal fixation (ORIF) through an extended lateral approach has been the most common recommended surgical approach. [8] [9] [10] [11] [12] Although this surgical approach is effec-
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Materials and Methods

Patients
The authors performed a retrospective review of displaced intra-articular calcaneal fractures in children treated with closed reduction and percutaneous fixation in the trauma center of the study hospital from January 2008 to January 2013. Inclusion criteria were as follows: (1) intra-articular calcaneal fracture displaced by more than 4 mm and (2) a posterior gap of greater than 1 cm in tongue-type fractures. 17 Exclusion criteria included the following: (1) closed ankle physis; (2) open fracture; (3) nonambulatory status; and (4) injury older than 3 weeks. All of the legal guardians of the children agreed to the children's participation in this clinical trial by signing an informed consent form. The study was approved by the Ethical Board Review of the Second Affiliated Hospital of Wenzhou Medical University, Wenzhou, Zhejiang, China.
Surgical Technique
Under either epidural or general anesthesia, patients were placed in the lateral decubitus position with the lateral malleolus of the affected foot uppermost to treat unilateral fractures or in the prone position to treat bilateral fractures.
The surgical technique used for closed reduction and percutaneous Kirschner wire or cannulated screw fixation was similar to that described for treatment of displaced intra-articular calcaneal fractures in adults. 18 First, a Schanz pin was placed across the front of the tuberosity physis and used to reduce the height and length of the calcaneus. Another Schanz pin was introduced into the fragment with the displaced posterior facet and used to lever the compressed facet under fluoroscopic guidance. When necessary, another Schanz pin was introduced percutaneously through the lateral cortex of the calcaneus to push up any remaining depressed parts of the subtalar joint surface. Once the Böhler angle and the articular surface were reduced, 1 or 2 Kirschner wires were inserted from the lateral side to the sustentaculum to sustain the reduced joint surface. Then another 2 or 3 Kirschner wires were introduced from the tuberosity to the anterior part of the calcaneus in different directions to fix the primary and secondary fracture lines. After closed reduction and provisional fixation was complete, the Kirschner wire that had been inserted from the lateral side to the sustentaculum was replaced by 3.5-mm cannulated screws placed percutaneously ( Figure  1) . If the calcaneal physis was already closed, the Kirschner wires used to fix the primary and secondary fracture lines were replaced with 6.5-mm cannulated screws percutaneously. If the calcaneal physis was not closed, the Kirschner wires were retained or replaced with cannulated screws based on the specific location of the Kirschner wires and whether they passed through the calcaneal physis (Figure 2) . Finally, calcium sulfate cement was slowly and carefully injected into the bone defect after reduction under fluoroscopic guidance when considered necessary by the surgeon (5 of 16 fractures).
Postoperative Protocol
The postoperative exercise plan included extension and plantar flexion of the toes and ankle, and patients were encouraged to perform the exercises as soon as the pain could be tolerated. Partial weight bearing began at 8 to 10 weeks after surgery, and patients were encouraged to progress gradually. Full weight bearing was allowed with evidence of osseous union on radiographs, generally at 3 months postoperatively.
Preoperative calcaneal lateral and axial radiographs and computed tomography scans were reviewed, and each fracture was classified according to the Essex- Lopresti and Sanders classification systems. 19, 20 The Böhler angle was measured on preoperative and postoperative radiographs. Postoperative computed tomography scans were performed according to the specific condition of the patient. Each patient's medical record was reviewed for mechanism of injury and postoperative complications.
Functional outcome was assessed with the subjective portions of a modified American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot score 21 at final follow-up. The highest possible score for this survey was 68 points, with 40 points allotted for pain and 28 points for function. Surveys were completed by the children or their legal guardians.
Statistical Analysis
Statistical analysis was performed with SPSS version 17.0 software (SPSS Inc, Chicago, Illinois). Unpaired t tests were used for comparison of continuous data that appeared to be approximately normally distributed. P<.05 was considered statistically significant.
results
A total of 116 pediatric calcaneal fractures were reviewed during the study period. Ultimately, 11 patients with 14 fractures were included in the study, including 7 boys and 4 girls, with a mean age of 11.18 years (range, 6-16 years). Average follow-up was 42.8 months postoperatively (range, 12-72 months). In 9 patients, fractures were caused by fall injuries. In the other 2 patients, fractures were caused by traffic accidents ( Table 1 ). In addition, 2 patients had associated injuries: 1 had a T12 burst fracture and a distal radius fracture, and the other had rib fractures and hemopneumothorax.
All fracture patterns were classified separately with the Essex-Lopresti and Sanders classification systems. There were 6 tongue-type fractures and 8 joint depression-type fractures, based on the Essex-Lopresti classification. There were 11 type II, 3 type III, and no type IV fractures, based on the Sanders classification. Average Böhler angle was 8.00° (range, -5° to 18°) preoperatively and 30.79° (range, 26° to 40°) postoperatively (P<.001; Table 1 ). Postoperative computed tomography scans were obtained in 4 patients, and the average subjective AOFAS hindfoot score was 65.7 (range, 52-68; Table 2 ).
No cases of wound breakdown or infection occurred. At final follow-up, 1 patient had mild peroneal tendon irritation and limited ability to participate in recreational activities, which was significantly relieved with cast immobilization for 3 weeks.
discussion
The current study presents a minimally invasive approach to treating displaced intra-articular calcaneal fractures in pediatric patients. To the authors' knowledge, almost all former studies used ORIF through the extended lateral approach. [8] [9] [10] [11] [12] Petit et al 10 reported 14 displaced intraarticular calcaneus fractures in 13 patients who were treated surgically. Although 1 patient was lost to follow-up, excellent results were reported for 10 of the 12 patients. Yu et al 11 presented 9 intra-articular calcaneus fractures in 8 children, and the average subjective AOFAS score was 65.2 (range, 53-68; highest possible score, 68). Recently, Al-Ashhab 12 reported the outcomes of 10 displaced intra-articular calcaneal fractures in 10 patients treated with ORIF, and the mean AOFAS clinical score was 95.8 (range, 78-100; highest possible score, 100).
One major concern with this approach is wound complications, although the healing potential is good in pediatric patients. The incidence of wound complications with this approach in adults has been 11% to 25%. [13] [14] [15] [16] For pediatric patients, Petit et al 10 reported 1 patient (7%) with wound breakdown that was treated with wet-to-dry dressing changes and 1 patient with a superficial wound infection after implant removal that required oral antibiotic treatment. Yu et al 11 described 1 patient (11%) with wound breakdown that occurred 10 days postoperatively and was treated with dressing changes. 
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Al-Ashhab 12 also reported 1 case (10%) of superficial wound infection that was treated with antibiotics and daily dressing changes.
The major finding of the current study was that closed reduction and percutaneous fixation can be used to treat pediatric displaced calcaneal fractures safely and effectively. This surgical method for the treatment of calcaneal fractures in adults has been widely reported and showed satisfactory results. 18, [22] [23] [24] However, no specific study has reported this surgical procedure for the treatment of calcaneal fractures in children. The current study showed that displaced intra-articular calcaneal fractures in children can be treated successfully with closed reduction and percutaneous fixation. The average subjective AOFAS hindfoot score in this study was 65.7 (range, 52-68), which was basically the same as the scores reported previously. 10, 11 Only 1 patient in the current study had a score of just 52, and the reason for this may be the comminuted fracture of the posterior subtalar articular surface (Sanders type IIIAC) and the associated injury (T12 burst fracture and distal radius fracture). The disadvantage of this method is that it is less effective than ORIF in restoring the subtalar joint. However, the subtalar joint in children may remodel with time, and long-term functional results may be good, even with some radiologic abnormalities.
2,25
Limitations
The current study had some limitations. First, it included a relatively small number of patients and a relatively short average follow-up. Therefore, further study with a larger sample size and longer follow-up is needed. Second, the differences in surgeons' performance may limit the generalization power. Finally, this was a retrospective review without a control group because of the low morbidity of this injury in the pediatric population.
conclusion
This study found that closed reduction and percutaneous fixation is an effective method for treating displaced intraarticular calcaneal fractures in pediatric patients, decreasing the rates of surgical trauma and wound complications. In addition, this method achieves better cosmetic results than traditional ORIF.
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